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High pi Jet Physics at the Tevatron Collider 

E. Buckley-Gee1 

Fermi Natronal Accelerator Laboratory, 

Bataura, IL 60510, USA 

We present results on high pi jet physics from the CDF and DO experiments at 

the Fermilab Tevatron Collider. Recent results on the inclusive jet cross-section 

at fi = 1.8 TeV will be presented and compared with QCD. We will also present 

results on the dijet angular distribution. Limits on quark compositness are pre- 

sented from the CDF dijet angular distribution. Finally we will discuss the results 

on the inclusive jet cross-section at 4 = 0.63 TeV and tests of scaling. 

1 Inclusive Jet Cross-Section at 1.8 TeV 

The mpasurernent of the inclusive jet cross-section ljrovides a powerful test 

of perturhative Q( ‘I). The measurement has very good statistical Ijrecision. 

tyl>icall\; a few ljercent. with rplatively small experimental systematic uncer- 

tainties. (‘alculations of the cross-section exist at next-to-leading order (NLO) 

1~2~3 with tnuch reduced dppendenre relative to LO on the choicp of renormal- 

izat~ion/factorization scale. Finally, we are probing distance scales in the tail 

of the distril,ution in the rangp of lo-l7 cm. These are the shortest dist,ances 

availahlr in the laboratory. hence the inclusive jet cross-section is a good place 

t,o search for hints of new Ilhysics. 

The inclusive cross-section is defined as 

& &,-=----- J d2a 1 1 Njet dEdv -Iv L AET 

where L is thp integrated luminosity. and N is the number of jets in a bin 

of ,!,ET. The (‘DF rnpasurernrnt is based on 19..5 pb-’ of data and uses jets 

lvith ET > 15 (;eV and 0.1 < 171 < 0.7. The DO tneasurempnt is based on 90 

111,-l arid uses j?tS with ET > 60 (;eV ad 1771 < 0.5. Jets are reconstruct,pd 

using a cone algorithttl with a cone radius R = 0.7 where R = dn. 

(‘uts on nlissing energy \-arialjles arp used to remove hackgrounds. tttostl\i from 

costttic rays and calorittletrr ttlalfunctions. In both ttwasuremcnts the data are 

corrected for detector rffpcts such as pnprgy scale. this is about a 20% correc- 

tion. Finally the cross-spctions are corrected for the effects of finite detpctor 

resolution. Thr tneasurrd jet rpsolutions are convoluted with a “physics curve” 

and compared to the data. This procedure is repeated until the x2 hrtwren the 

measured sppctrlttrl and t lie Ilhysics curve is minimized. The --physics curve” 
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Figure 1: Percentage difference between the CDF inclusive jet cross-section and NLO QCD 

predictions. 

represmt,s our best gurss at the underlying Ilhysics spect,rum. For further 

details on thp exact I>rocpdurps used by each experiment see refs. 4 and 5. 

Thp results fro111 (‘DF are presented in Fig. 1. The data is compared to 

the predictions of SLO Q(‘D ’ using the MRSDO’ parton distributions and a 

renormalization/factorization scale. /A = ET/’ 2. There is qualitative agreernpnt 

over nine orders of nlagnitutle but comparing the data and theory on the liuear 

scale reveals that thp mpasurctl cross-section is larger than l)reclicted by NLO 

QC’D for jet ET’S larger than 200 (;eV. Also shown is the quadrature sum 

of the systematic uncprtainties. The effect of varying the Ilart,on distribution 

functions (PDFsj is also shown relative to 1lRSDO’. Sonr of the current PIIFs 

give a good descril,tion of the data. 

The results from DO are shown in Fig. 2. The &a is corrll~ared to 

NLO Qc’n 3 using t hp ( ‘TEQ’IML I>arton distributions and a renorndiza- 

tion/factorization scalp. p = ET/?. There is good agrpement ovpr seven or- 

ders of magnitude. Also shown arp the systematic uncertaintips. These are 

I)resently about a factor a two larger than those from C’DF hut are expected 

to iruprovp. The data arc also corrlparpd on a linear scale using threp differpnt 

[Jarton distril>utions. Thp data agree with QC’D within thp systematics. 
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Figure 2: DO inclusive jet cross-section compared to NLO QCD. 
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Figure 3: CDF and DO inclusive jet cross-sections compared to NLO QCD (courtesy of W. 

Giele). 

A nat,ural question to ask is whether the two measurements are in agree- 

ment when compared to the same theoretical calculation 617. Fig. 3 shows a 

comparison Iwtween the (‘DF measurements and the DO measurement com- 

pared to the calculation of ref. 3. TOP two experiments appear to IIP in quite 

good agreerrlent. crrtainl?; within the quoted systematics. 

Thr theoretical predictions have uncertainties associated with them. T~IPSP 
are 

1. TOP choice of parton distribution function. There is about a 20% vari- 

ation in the cross-section depending on the PDF used. The (‘DF mea- 

surement. including full systematic uncertainties. was compared to the 

current set of PDF3 4. The best fit for the shape (> X0% probability) 

at the low ET end (41) - 160 C;eV) was MRSDO’. Above 160 (;eV there 

was a 1% probability that the excess was due to a fluctuation. The best 

agreement at high ET with with (‘TEQ’LJIL which gave a X’% prohabitity 

hut the low ET agreertlent was reduced to 23%. 

‘1. The choice of renormalization/factorization scale. This gives about a 

1UR variation independent of ET . There is also the question of whether 

the scale should IIP defined using the ET of the jet or the ET of the 

leading .jet in the event. Th e use of the leading jet ET gives a larger 

cross-section at low ET . 

4 
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Figure 4: The CDF and DO inclusive jet cross-sections compared to NLO QCD using the 

CTEQHJ parton distributions. The experimental points arc normalized as indicated. 

J. The definition of the parton clustering algorithm8. In thp theoretical 

calculations two partons will be clustered together if the; are both within 

R of the jet crntroid where R is the cone radius in v - 4 sI,ace. Hut t,wo 

Ilartons can actually I,p resolved at a smaller separation than ZR. namely 

R sep x R whprp Rsep = I.13 for both (‘DF and DO. I:sing Rsep = 1.13 

results in a snlaller cross-section almost intleI~endent of ET . 

The (‘DF result has stir~lulatetl a great deal of theoretical activity on both 

standard QC ‘D exlllanations and more exotic ideas. The (‘TEQ collaboration 

has included the (‘DF and DO jet data at intermediate energies in their new set 

of F’DFs (( ‘TEQ4SI). In addition the; have produced a PDF (( ‘TEQH.J) which 

gives increasptl weight to the high ET (‘DF jet data while still giving a good 

fit to the rest of thp world’s data 6. This PDF is shown in Fig. 4 conlpared to 

the C’DF and DO measurements. As pxI,ectpd the excess at high ET is reduced 

1~: using this new PDF. 

The (‘DF measurprupnt has also heen used to show thp running of thp 

st.rong couI,ling constant a, over the largest range of ET in a single rxI>eriIrlpnt 

‘. X nrlv calrulation of thp pffpcts of soft gluon rpsummation lo has rpcently 

l~e~n I>erformptl. In addition. a cornI,arison of the DIS and .ZISl,ar factorization 

schrrn~s has hrrn Iwrformpd and suggests that the cross-section lrlay deI,end 

on the choirp of scheme Il. 

Npw ph?;sics rxI,lanations have also heen suggested. These include quark 

substructure 12. a hlowpr running of (Y, l3 and new particles (leptophobic Z’) 
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Figure 5: The DO dijet angular distributions compared to NLO QCD. 

l4 111 these processes would enhance the cross-section at high ET . . ‘ 

2 Dijet Angular distribution 

The dijet angular distril,ution can provide additional constraints on possible 

explanations for the high-ET excess in the cross-section. The angular dist,ribw 

tion is insensitive to the choice of PDFs and is also not sensitive to the overall 

energy scale. It is however. sensitive to any q-dependence of the calorimeter 

response and resolution. The angular distribution is typically expressed in 

term of x where x = (1 + 1 cos01)/( 1 - 1 COSTS). This variable flattens out the 

t-channel pole and rilakes it easier to observe the effects of any new physics 

that might have a more isotropic distribution that Q( ‘D. e.g.. quark composit- 

ness. The DO measurement covers a much wider range of x than the (‘DF 

measurrttient. However. for values of x < :i a more sensitive variable to study 

is Rx = N,,,,t,(x = 1 - 2..5)/Ncucnts(x = 2..5 - .5). th’: 1 15 ias been investigated 
by (‘DF. 

The dijet angular distribution for four different dijet mass regions as rnea- 

sured by DO l5 is sl~own in Fig. 5. The data is compared to LO and XL0 QC ‘D 

using the (‘TEQ311 I’DFs and a scale of p = ET. There’is good agreentent 

with SLO QC ‘D. Similar results are also available from (‘DF r6. 
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Figure 6: The ratio R, compared to NLO QCD and various composite quark models. 

Fig. 6 shows the ratio R, for five slices of dijet mass (the points are plotted 

at the average IIIHSS value for the dice). The data is compared to LO and NLO 

QC’D and is in good agreement with SLO QC’D. This ratio can he usrd t,o 

set limits on the quark compositness scale ‘1. In the case where only II and cl 

quarks are composite (‘DF obtains limits of .ltd > 1.6 TeV ‘(4 95% (‘.L and 

‘id > 1.4 TeV or 9.5% (‘.L. In a model where all quarks are composite (‘DF 

obtains limits of .\+ > 1.8 TrV C! 9.5% (‘.L and .V > 1.6 Te\’ o 9.5% (.‘.L. 

The best fit value of \ for the inclusive jet cross-section was .\zd = 1.6 TeV 

using the XlKSDO’ PDF. 

3 Inclusive Jet cross-section at 630 GeV 

Another way to test QC’D is to measure the inclusive jet cross-section at. two 

different center-of-mass energies. The scaling hypot,hesis predicts that if thr 

cross-sections arr writtrrt in a form that rrtakrs them dimensionless then they 

will hr intlep~nd~n~ of 6. Ott the other hand. QC’D predicts that there will 

br scaling violations tlur to the evolution of the PDFs with Q2 and the running 

of CY,. In a prrviorts ttteasurement by (‘DF 17. scaling was ruled out at the 95% 

(‘.L. and a tlisagreetnent with the NLO QC’D prdictions was olxrrvrd in thr 

low ET region at thr Irvrl of I..+? u. 

Both rspritttrttts collrc~tfd data at fi = 630 (;P\. during Drcrtttber 1995. 
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Figure 7: Inclusive jet cross-sections at 630 GeV and 1.8 TeV as a function of ET from CDF 

and DO. 

The (.‘DF data is shown in Fig. 7 on a linear scale compared to NLO Q(.‘D 

using the (‘TEQ311 PDF 18. The data has been corrected using the same 

methods as for the 1.X TP\’ data. The data deviate from QC’D at low ET in a 

similar tttatmer to the .546 (;P\. data. It should be noted that the data at 1.8 

TeV in the satne ET region are in good agreentcnt with QC’D. A sitttilar plot is 

shown for DO I9 using (‘TEQZhlL in Fig. 7. The data has also been corrwtrd. 

The data are fairly flat as a function of jet ET . The hand indicates the size of 

the systematic uncertainties. Finally Fig. 8 shows the ratio of the scaled cross- 

sections plotted as a function of 2?T = ‘ET/& from the (‘DF esperirttent. 

The same disagreement fhat was observed at .546 (;e\’ is olxrrvetl in the low 

zT region. The systetttatic uncertainties for the previou:, ttteasurrment at 546 

(;eV are sholvn. thcs~ are not rxl~rrted to change significantly for 630 (;rV. 

4 Conclusions 

The (‘DF and DO inclusive jet cross-sections at fi = I.8 Tel- are in good 

agreement within thr quoted sysrrtrtatic uncert,ainties hut there are still theory 

issues that nerd to I)e resolvctl. A ntittiher of explanations have been propospd 
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